Two regions of cauliflower mosaic virus DNA were designed as markers to study pathogen transmission in a child care home (CCH) and child care center (CCC) and in homes of CCC children. The DNA markers were stable for 1 month in the environment. The DNA markers were introduced into the environment through sensitized objects, and spread in the environment was traced by detection of the markers with polymerase chain reaction. The DNA markers spread rapidly in both the CCH and CCC after introduction and spread more rapidly in the toddler room than in the infant room of the CCC. Hand touching of contaminated areas was the major factor leading to spread of the markers. Hand washing and surface wiping decreased spread of the markers. The markers spread minimally from room to room in the CCC but were detected in the children's homes after introduction of markers in the CCC.
Fecal-oral transmission is the major pathway for spread of since enteric viruses causing diarrhea are difficult or impossible to cultivate by cell culture methods [1, 12, 13, 19, 20] . In many enteric pathogens. Environmental and hand contamination likely provide an important intermediate site or reservoir addition, routine diagnostic methods are not sufficiently sensitive to detect these viruses on environmental surfaces. for transmission and spread of many organisms, including enteric pathogens [1 -3] . Infants and toddlers have the highest Markers specifically designed to mimic virion components, such as nucleic acids or pseudovirions constructed from viral age-specific attack rates of enteric infection [4 -10] , in part because they frequently place contaminated fomites and hands capsid proteins, may be alternative indicators for study of transmission of enteric viruses in the child care setting. The advanin their mouths. The incidence of infection, including enteric disease, is higher for infants and toddlers attending child care tages of these markers are that they can be designed to be noninfectious and therefore safe for use in the child care setting, centers (CCCs) than for children of the same age cared for at home or in family care [7 -11] . Understanding mechanisms of they can be generated in large quantity, they are detected easily by use of enzymatic techniques, and they can be used in contamination of the environment and transmission of pathogens in the child care setting can lead to improved methods of planned prospective evaluations. This study was conducted to evaluate the application of DNA fragments from a plant virus infection control.
Studies of diarrhea in CCCs indicate that viral enteric pathoas surrogate markers to study the transmission of enteric pathogens in CCCs and from CCCs to children's homes. gens are the major cause of acute gastroenteritis [12 -15] . Although studies of contamination and spread of bacterial enteric pathogens in child care settings have been done [3, 5, 16 - Materials and Methods 18] , evaluation of environmental contamination by viral enteric pathogens is difficult because suitable indicators are lacking.
DNA markers. The cauliflower mosaic virus 35S promoter
Direct monitoring of viruses in the environment is not practical, DNA [21] was analyzed to generate two regions of the DNA (nt 62-368 and 380-860) as surrogate markers. Two primer pairs were designed for detection of the DNA markers by polymerase chain reaction (PCR): p145, CGAATTCACAGATGGTTAG/ p146, CAGAATTCTTTACGGCGAG; and p147, GAGAATTCT-ucts of Ç300 bp and Ç500 bp were expected for the two markers human caliciviruses was used [22] . The PCR reaction was done * Present affiliation: Division of Molecular Virology, Baylor College of in a 100-mL reaction mixture containing 10 mM Tris-HCl, pH 8.3, Medicine, Houston. JID 1998; 177 (April) denaturation of the DNA at 94ЊC, primer annealing at 49ЊC, and to the CCH for lunch and for the remainder of the afternoon. The other children remained at the CCH all day, until their parents extension at 72ЊC. The amplified products were analyzed by agarose gel electrophoresis in the presence of ethidium bromide, and returned between 4:30 and 5:00 P.M. The CCH has three bedrooms, one living room, one play room, one kitchen, and one family room. the gels were photographed under UV light. Results were interpreted under code by two laboratory personnel. Each sample was
The children spent the most time in the play room and the family room. scored as positive or negative on the basis of presence or absence of specific DNA bands and further scored as 1, 2, 3, or 4/ on the Before introduction of the marker, environmental surfaces and hands of the children and caregiver were sampled. We then introbasis of intensities of the bands, which were estimated to correspond to 1-50, 51-100, 101-200, and ú200 ng of DNA, respecduced two marked and five unmarked toy balls into the CCH in the morning; marker 1 was smeared on one ball at 1 mg/6.5 cm 2 tively. Quality control. Large batches of PCR reaction mix were preand marker 2 on another ball at 10 mg/6.5 cm 2 . The marked toy balls were removed at the end of the first day of the study. All pared for multiple sample detection. Each batch was aliquoted into a volume for a single sample, and 1 or 2 aliquots from each batch selected surfaces and hands of the children and caregiver were sampled twice on the day the markers were introduced and on were tested for quality control. The remaining aliquots were stored at 070ЊC until use. Reaction mixtures were prepared in a room days 2 and 7 after marker introduction. The schedules for each sampling day were 11:00-11:30 A.M., before lunch, and 3:30-physically separated from the room used for sample collection and processing to prevent contamination by carryover of product. Other 4:00 P.M., before the children went home. Twelve locations in the CCH believed to be touched frequently procedures to prevent contamination included separation of equipment and reagents between sample processing and product detecby the children were sampled, including two chairs, two walkers, and one telephone, sofa arm, box, bench, eating table, tap water tion. In addition, PCR reaction mixtures without marker DNA were included in each batch of assays as a negative control.
handle, door knob, and refrigerator door handle. Ten toys, including the five unmarked new toy balls and five other toys, were Introduction and detection of markers. Purified marker DNA of known quantity was smeared onto toy balls, and the toy balls sampled. The five unmarked new toy balls were introduced at the same time as the marked toy balls. The remaining five toys were were introduced into the child care setting environment. To detect the marker on objects, surfaces, and hands, a wet swab technique selected randomly from those already in the family room of the CCH. The CCH maintained regular daily activities during the was used. Sterile cotton-tipped swabs were presoaked in 1% bovine serum albumin solution, streaked 10 times over objects, surfaces, study.
Study of transmission of markers in a CCC.
After completion or hands (palms), and then dipped into a 1.5-mL microcentrifuge tube containing 0.5 mL of distilled water. After soaking for [5] [6] [7] [8] [9] [10] of the CCH study, a CCC was selected for study of the DNA markers. This CCC had five classrooms (infant, toddler I and II, s, the swabs were removed and discarded and the tubes were closed and labeled. The tubes then were transported to the laboratory for and preschool I and II). The infant and toddler I and II rooms were included in the study. The three study classrooms were adjacent to immediate PCR testing or kept at 020ЊC for later testing. A 10-mL portion of this material was used for each PCR assay. Each each other. The children remained in their rooms, but teachers occasionally moved from room to room. The infant room contained tube was closed immediately after addition of the sample to prevent cross-contamination.
13 children aged 5-14 months, the toddler I room contained 12 children aged 15-23 months, and the toddler II room contained Study of marker transmission in a model room. After establishment of procedures for detection of markers, a model room was 21 children aged 24-35 months. All children were placed into the CCC between 7:00 and 9:00 A.M. and were picked up between used to study marker spread in a controlled setting. In an isolated room of the Center for Pediatric Research, diapers, toys, chair 4:30 and 7:00 P.M. Marker 1 was introduced into the infant classroom, and marker seats, floors, and doorknobs were contaminated with different marker quantities. At different times after introduction of the mark-2 was introduced into the toddler I classroom. Each marker was introduced by smearing the marker on two toy balls. The toddler ers, each contaminated surface was sampled and tested for marker presence. To determine fomite-to-hand spread of the markers, II classroom did not have a marker introduction but was sampled in the same way as the other two classrooms. The markers were hands of laboratory personnel were sampled after their hands touched a surface or handled an object in the model room. To introduced early in the morning of day 1, and all environmental and hand samples were collected once in the morning and once determine fomite-to-hand-to-fomite spread of the marker, laboratory personnel were asked to touch a contaminated toy ball and in the afternoon on days 1 and 2 and once on days 7, 14, and 28. The marked toy balls were removed at the end of day 1. In each then to touch a clean toy ball. The ''clean'' toy ball was passed to a second person. After touching the second ''clean'' toy ball, of the three classrooms, regular daily activities were maintained.
Transmission of markers into children's homes.
To study the the person was asked to touch a third clean toy ball. Five clean toy balls were passed sequentially by 5 persons, and the hands of transmission of a marker into children's homes, marker 2 was reintroduced into the toddler I classroom 3 months after completion each person were swabbed after each pass.
Study of marker transmission in a child care home (CCH).
A of the first CCC study. The marker was introduced on a Friday morning, and samples were collected from hands of children on CCH was selected for study of the DNA markers after completion of data analysis from the model room. The CCH consisted of 7 the same day before they went home and on the second day (Saturday) in the homes. Additional samples were collected at the chilchildren and 1 caregiver. The children were 7 months to 5 years of age, including 2 infants (twins), 3 toddlers, and 2 preschoolers.
dren's homes on Saturday, including hands of all family members, toys, and environmental samples. The environmental samples inAll children were placed in the CCH by their parents at 8:00 A eating table was less contaminated, possibly because it had been wiped before and after each meal. The bench and the small box sitting in the family room were the most heavily Results contaminated and were touched frequently by the children.
Transmission of the markers within the CCC rooms. The Detection of DNA markers by PCR. The sensitivity of PCR to detect the two DNA markers was determined by using optipattern of DNA marker transmission in the CCC was similar to that observed in the CCH. The DNA markers spread within mal assay conditions and serial dilutions of each DNA marker. An end point of 0.01 -0.1 pg of each marker was detected 1 -2 h after introduction in each classroom and reached a peak in the afternoon (at 6 h; figure 2). Detection rates were high when DNA was assayed directly by PCR, and an end point of 1 -10 pg of each marker was detected after the markers were on the second day of the study after the marked toy balls had been removed, then decreased continually on day 7 and 28 applied onto different surfaces. The sensitivity of detection of marker 2 was Ç10-fold less than that of detection of marker (figure 2). Although similar transmission patterns of markers were ob-1. Therefore, a 10-fold -increased amount of marker 2 than marker 1 was used in the child care setting studies. Use of a served within the infant and toddler I classrooms, spread of marker 2 in the toddler I classroom occurred faster than that premade aliquot of PCR reaction mixture yielded reproducible results when a large number of samples was tested and reduced of marker 1 in the infant classroom, as demonstrated by detection rates 3 h after introduction of the markers (P £ .02; table the chance of cross-contamination among samples by reducing the number of times tubes were opened during testing.
2). The room designs and the number of children per room were similar, but most of the infants could not walk or reach Detection of markers in the model room. The DNA markers were detected on all types of surfaces studied in the model the toys by themselves. Detection rates for the markers varied among surface samroom, including wood, plastic, metal, and fabric, after introduction of 1 mg of DNA marker/6.5 cm 2 . When 1 -10 mg of the ples. As found in the CCH, the five newly introduced unmarked toy balls in the toddler I room were the most heavily and DNA markers/6.5 cm 2 were applied to different surfaces and allowed to dry, both markers were detected for up to 1 month quickly contaminated. Other heavily contaminated areas included the window, walker, and door in the infant room and at room temperature on all surfaces studied. The swab technique was simple and effective for sampling the DNA markers the cabinet, doors, and window in the toddler I room. These areas were observed to be touched frequently by the children. from surfaces and hands.
The DNA markers applied onto surfaces transferred to huThe tables and chairs were wiped by the teachers before and after each meal, but the toys were not cleaned. man hands of all five laboratory personnel who touched a contaminated surface. The DNA markers also were transferred by Transmission of markers between the CCC rooms. The markers spread minimally from room to room in the CCC. indirect hand touch. When laboratory personnel touched the marked ball, then passed a clean ball from hand to hand, hands Marker 1 was introduced into the infant room, marker 2 was introduced into the toddler I room, and the toddler II room did of the first three of the five personnel tested positive.
Transmission of the markers in the CCH. None of the 30 not have a marker introduced. Marker 1 was detected in 10 (4%) of 233 samples in the toddler I room; marker 2 was samples collected in the CCH before introduction of the markers was positive. Both markers spread quickly after introduction detected in 1 (0.5%) of 207 samples in the infant room. In the toddler II room, 7 (5%) of 140 environmental samples were of the markers within 3 h; 27 of 30 samples were positive for marker 1 and 29 of 30 were positive for marker 2 (figure 1).
positive for marker 1, and 3 (2%) of 140 environmental samples were positive for marker 2 (table 3) . High detection rates also were found 7 h later; 29 of 30 samples were positive for marker 1 and all were positive for marker 2.
The transmission of markers among the rooms probably occurred by teachers who moved from room to room. Children Overall detection rates decreased on the second day, when the marked balls had been removed, but positive rates remained did not enter different rooms and did not share space during / 9d43$$ap32 02-24-98 21:33:05 jinfa UC: J Infect the days, except children in the toddler I and II rooms, who not infants are against the trend of higher marker contamination in the toddler rooms. had 1 h of outdoor activity in a shared playground each day Transmission of marker into the children's homes. Marker but at separate time periods. The overall higher detection rates 2 was reintroduced into the toddler I room on a Friday morning of marker 2 in the toddler I room than of marker 1 in the infant 3 months after the CCC study. The hands of all 9 children room as well the occurrence of space sharing by toddlers and representing 9 families were positive for the marker on the Friday afternoon before they went home. Four of the 9 children's hands were positive the next day (Saturday), when sam- Results of toy balls in infant room were not shown because toy balls were removed from this room after many infants were found biting balls during day 1 of study. Toy balls on which markers were introduced were removed from toddler I room at end of day 1 of study. None of samples collected before introduction of markers was positive for either marker in either classroom. child. Although the total numbers of hand washings and baths were small, a trend of increased hand washing (P Å .145), baths (P Å .046), and total number of cleaning episodes (P Å The CCH study demonstrated transmission of markers in a .067) with reduced transmission of markers was observed (table small child care setting, while the CCC study demonstrated 5).
transmission of markers in a larger-sized child care setting. Studies in both settings demonstrated that markers spread rapidly within a few hours in a room, that spread occurred by Discussion children and teachers, that marker spread peaked at 24 -28 h This study demonstrated transmission of DNA markers in after introduction of the markers, and that markers continued child care settings. Three levels of studies were done, including circulating in the settings for up to 2 weeks. In the CCC, we evaluation of transmission in a model room, a CCH, and a also demonstrated that markers spread minimally from room CCC. In the model room, we demonstrated that the DNA markto room, in a setting in which children did not share rooms, ers could survive for up to 1 month on different types of and that markers could spread to children's homes after introsurfaces in a dried condition and at room temperature, that the duction in the CCC. In the homes of children, markers could DNA markers applied to each surface could be recovered by be recovered from hands of children and family members and a swab technique and detected by PCR, and that the markers from toys and environmental surfaces. could be transmitted from fomite to hand and from hand to
The potential application of the DNA markers as surrogate fomite by touch.
indicators to study transmission of enteric and other pathogens also has been demonstrated in this study. After introduction of DNA markers on toy balls, the markers spread rapidly in the The demonstration that washing hands and wiping surfaces to that of a pathogen. Since the markers will not replicate, their transmission is dependent on their ability to survive in the in the environment reduced transmission of the markers in these settings indicated that the markers might be useful for environment. In this study, the markers were detectable for up to 1 month after being dried onto a surface and maintained assessment of general hygiene procedures and evaluation of disinfecting reagents in the child care setting. One study has stable under ambient conditions. Studies have demonstrated that certain viruses can survive for comparable time periods demonstrated that increased attention to infection control practices (i.e., handwashing, disinfection) led to significant deunder similar conditions. For example, rotavirus [29 -31] and hepatitis A virus [29] survived for periods of 30 -60 days when creases in infection and infection-related end points in a day care school [26] . The use of marker transmission could be used dried onto nonporous surfaces and maintained under ambient conditions. To extend the conclusions of this type of study, the to optimize this approach. Finally, demonstration of transmission of markers into homes of children provided important relationship between marker and organism stability needs to be investigated further. information toward understanding the transmission of common enteric pathogens from the child care settings to the home This is the first report of using DNA markers as a surrogate indicator for transmission of enteric and other pathogens in environment. Studies have demonstrated a high frequency of enteric infection in family members of children with diarrhea child care settings. For future studies, improvements in experimental design are necessary. First, the rapid spread of the in a CCC [7] as well as transmission of trimethoprim-resistant fecal Escherichia coli from children in a CCC to their family marker in the settings was unexpected. Introduction of reduced marker amounts and earlier sampling times may be necessary members [27] .
One of the major advantages of using a marker approach to to allow better description of marker traffic in the environment. Second, direct comparisons between spread and survival of study pathogen transmission is the ability to perform highly controlled prospective evaluations. Previous studies on envi-DNA marker and viral and other pathogens and investigation of the effect of disinfectants on survival in the environment ronmental contamination have offered information on the prevalence of a naturally occurring pathogen at a particular time.
need to be done. Third, studies need to describe traffic patterns of multiple pathogens by using multiple markers simultaneFor example, fecal coliforms [3, 23, 27] and rotavirus [12, 13, 28] can be found on a variety of surfaces in the child care ously. Such traffic will include those within a CCC room, from room to room, from CCCs to children's homes, and from environment. Some of these studies also have demonstrated a correlation between increased levels of contamination and children's homes to CCCs. With better understanding of pathogen transmission, we expect that the enhanced infection risk outbreaks of disease [12, 27] . However, these studies are limited in their ability to offer conclusive information on factors to children receiving care in CCCs or CCHs may be reduced by active intervention procedures. that lead to spread of contamination, because of limitations in the timing or frequency of sampling. The benefit of using markers, such as the ones described in this study, is that the point source of contamination is known and sampling strategies can environmental stability of the marker may not be comparable / 9d43$$ap32 02-24-98 21:33:05 jinfa UC: J Infect
